Objective The incidence of colorectal cancer throughout the Republic of Korea has been rising over the last 25 years. The change in incidence is supposed to be due to the westernized life style. We evaluated the anatomical distribution of colorectal cancer and the properties of synchronous adenomatous polyps in the Korean population which were known to be different from those in Western countries. Materials and Methods From January 1997 to December 2006, 896 cases of colorectal cancer were reviewed retrospectively. Results A total of 25.1% were proximally located cancer with a modest female predominance (odds ratio 1.5). Synchronous adenomatous lesions were accompanied in 31.9% of all colorectal cancer cases. In the distal colorectal cancer patients, 18.8% had proximally located synchronous adenomas. In those with proximal colon cancer, only 20.5% of patients had distally located adenomas. The likelihood of a proximal colon cancer without distal sentinel lesions was higher in females (odds ratio 3.0). Conclusion There has been a steep rise in the incidence of colorectal cancer in Korea and distal colon cancer is more prevalent than in Western countries. However, as over 20% of proximal colon cancers can exist without distal colonic synchronous or sentinel lesions, a total colonoscopic examination should be considered first in surveillance.
Introduction
The incidence of colorectal cancer throughout the Republic of Korea has been rising over the last 25 years (1, 2) . In 1980, colorectal cancer made up 5.8% of all cancer incidences. However, recently, in 2000, the incidence of colorectal cancer ranked as the fourth leading cause of cancer mortality, following stomach cancer, lung cancer, and liver cancer. It was responsible for 10.3% of all cancer incidence according to the 2002 annual report of the Korea central cancer registry (1) . The incidence of colorectal adenomatous polyps has also been increasing. In US and other Western countries, colorectal cancer is responsible for 15% of all cancer incidence and ranks as the 2nd leading cause of cancer mortality (3, 4) . Considering the rapid increase in the incidence of colorectal cancer in Korea, it is predicted that by 2010 the incidence of colorectal cancer in Korea will be 15% which is as high as it is in Western countries.
Colorectal cancer is more likely curative than other solid organ cancers if it can be detected in precancerous and early cancer state. The anatomical distribution of colorectal cancer and the relationship with synchronous adenomatous polyps have important implications in current referral practices and the methods used for the screening of colorectal malignancy.
We conducted a retrospective study to determine the distribution of colorectal cancers and the properties of synchronous adenomatous polyps. In this study, the pathology data-T a b l e 1 . De mo g r a p h i c s o f t h e S t u d y P o p u l a t i o n f o r P r o x i ma l a n d Di s t a l Co l o n Ca n c e r base was used to identify patients with a histological diagnosis of colorectal cancer and their colonoscopy reports were evaluated for the location of the cancer at St. Mary's hospital over a 10-year periods.
Materials and Methods

Patients
Patients diagnosed with primary colorectal cancer at St. Mary's hospital over 10 years, from January 1997 to December 2006, were identified using the hospital's pathology database. The Catholic University of Korea St. Mary's hospital was established in 1930s and located in the center of Seoul. It has been acknowledged as one of the most distinguished tertiary hospitals and has had referrals from every region of the country. The distribution of origins of patients showed a similarity with the spread of general population. The search was considered reliable, as it identified any patient with the histological diagnosis of colorectal cancer. A total of 896 cases of primary colorectal cancer patients were identified on colonoscopic examination over the 10-year period. The pathology report, surgical report, and case notes of each patient were reviewed for age at diagnosis, gender, histology subtype, anatomical location of the cancer, and the presence of synchronous adenomas.
Methods and definitions
Histology of cancers and adenomas were classified according to the WHO criteria (5) . Cancer was classified as proximal when located at the splenic flexure or more proximally. Cancer located at the descending colon or more distally were defined as distal. Adenomas were defined as advanced if the polyps had more than 25% of villous component, high-grade dysplasia, or size !1.0 cm. Synchronous adenoma was defined as an adenoma identified at the same time with cancer or within 6 months after cancer detection.
Statistical analysis
Results for continuous variables are expressed as mean and standard deviation. Data of continuous variables were compared by using the Student's t-test. Non parametric variables such as locations, histology and stages were compared with Pearson χ 2 -test or Fisher exact test. All p-values were 2-tailed and statistical significance was accepted at a p-value of less than 5%. Study protocol was submitted and approved by the Institutional Review Board at St. Mary's hospital.
Results
There were 896 cases of primary colorectal cancer identified. Twenty-five cases revealed synchronous cancer; 19 cases were double cancers and six were triple cancers. The most aborally located cancer was designated as the representative lesion. The mean (SD) age of patients in this study was 60.8 (12.4) years; the male to female ratio was 1.36 : 1.
Using the anatomical definition stated previously, a total of 25.1% of cancers were proximally located, and 74.9% were distally located ( Table 1 ). The mean (SD) age at diagnosis of patients with proximal colon cancers was 62.0 (12.9) years. In the group of patients with distal colon cancers, the mean (SD) age at diagnosis was 60.4 (12. 2) years. The Student's t-test was performed to determine whether there was a significant difference in age at diagnosis between the proximal and distal colon cancer, and the result of this analysis was not statistically significant (p=0.101).
According to gender, there were modest differences in the anatomical distribution with a higher female predominance of proximal colon cancer. In patients with proximal colon cancer, the proportion of females was 48.9%, compared to
T a b l e 2 . T h e Hi s t o l o g i c a l S u b t y p e s o f Co l o r e c t a l Ca n c e r s T a b l e 3 . T h e Di f f e r e n c e i n Hi s t o l o g y b e t we e n P r o x i ma l a n d Di s t a l Co l o n Ca n c e r s T a b l e 4 . Du k e s S t a g e s o f P r o x i ma l a n d Di s t a l Co l o n Ca n c e r s
39.6% for distal colon cancer. Analysis by χ 2 -test revealed a statistically significant association between gender and anatomical distribution of colorectal cancer (χ 2 =5.915, df=1, p= 0.015). The odds ratio for female gender having a proximal colon cancer was 1.5 with 95% confidential interval of 1.08-1.97. Hence, the apparently higher proportion of females with proximal colon cancer over the past 10 years was statistically significant.
Among the total 896 subjects, the histology of the colorectal cancers could be identified in 893 cases; the pathology reports of three cases were lost because of follow-up loss for long time. Adenocarcinoma with differentiation occupied majority of cancer incidence. Details of histology and differentiation are shown in Table 2 .
Differences in the histology subtype between proximal and distal colon cancer were found in: moderately differentiated adenocarcinoma, poorly differentiated adenocarcinoma and mucinous type colorectal cancer, demonstrating a higher likelihood of poorly differentiated adenocarcinoma and mucinous type cancer and lower frequency of moderately differentiated adenocarcinoma in proximal colon cancer; these findings were statistically significant ( Table 3) .
Analysis of cancer staging was performed in 886 cases of adenocarcinomas according to the modified Duke classification. Only stage A cancer had a smaller proportion in proximal colon cancer (0.9%) than in distal colon cancer (5.0%), but the cases were too small to evaluate for statistical significance. The other stages of proximal and distal colon cancer revealed no significant difference according to their location ( Table 4 ).
The synchronous lesions of a single primary colorectal cancer were analyzed. Total colonoscopic examinations could be performed in 820 cases before or within six months after surgical resection ( 18 .8% had proximally located synchronous adenomatous lesions and among them about one-fourth had an advanced adenoma. In these patients, the proximal colonoscopic examination was very important to reduce the metachronous cancer incidence. In those with proximal colon cancer, only 20.5% of patients had distally located adenomatous lesions that could be considered to be sentinel or a total colonoscopy-warranting lesion after sigmoidoscopy. The presence of synchronous lesions and the proportion of advanced adenomatous polyps in those patients with a synchronous adenoma were not different between the proximal and distal colon cancer groups.
In patients with proximal colon cancer, those with distal synchronous adenomatous polyps and those without were compared in terms of mean age, gender, Duke stage and cancer histology (Table 6) ; only gender showed a significant difference. Female patients had a three-fold increase in the likelihood of having a proximal colon cancer without distal sentinel lesions compared to males (p-value = 0.002).
Discussion
Although colorectal cancer is a rapidly increasing disease in Korea (1) and other Asian countries (6) , the basic and epidemiological data are insufficient. Among those data needed in establishing a health care system and proper screening guidelines for colorectal cancer, the recognition of the anatomical distribution occupies a crucial part. In this study, we evaluated and analyzed the colorectal cancer and synchronously detected adenomas from the aspects of subject age, gender, location, histology, and stage over a 10year period. Even though it was a single center study, considering its geographic and functional location as a nation renowned tertiary referral center in Korea, the patients in this study could be representative of general population of Korea.
Because of the high prevalence and the potential for cure if premalignant or early cancerous lesions are removed endoscopically or surgically, screening of colorectal cancer has been highly advocated and various measures have been evaluated. Recent studies with fecal occult blood testing (FOBT) and sigmoidoscopy have demonstrated an improved survival rate. In Korea, guidelines for colorectal cancer screening also recommend annual FOBT for subjects over 50 years and sigmoidoscopy with barium enema or colonoscopy every 10 years.
Sigmoidoscopy can visualize the distal colon and has proven excellent sensitivity and specificity for distal colonic lesions. And fortunately the distal colon, including descending colon, sigmoid colon and rectum, is a dominant site for colorectal cancer development and the flexible sigmoidoscopy can identify a major portion of the colorectal cancer.
T a b l e 7 . Re p o r t s F o r t h e Di s t r i b u t i o n o f P r i ma r y Co l o n Ca n c e r i n Ko r e a n P a t i e n t s i n t h e Re c e n t 2 De c a d e s
In addition, adenomatous polyps found in the distal colon with sigmoidoscopy may be considered to be sentinel lesions for proximal neoplastic lesions and total colonoscopic examination could be performed sequentially (7, 8) . Currently in the United States, the prevalence of colorectal cancer in US whites is about 40% in the proximal colon and about 60% in the distal colon. Therefore, the flexible sigmoidoscopy has been considered an effective initial or single choice for evaluation for colorectal cancer (9) .
However, up to 37% of all colorectal neoplastic polyps were reported to be isolated proximal neoplasm and in this group the sigmoidoscopic screening is not adequate (10) . Recently, there have been several reports on a change in the anatomical distribution of colorectal cancer in Western countries (11) (12) (13) (14) . In developed countries such as North America and Australia, the cancers arising from cecum, ascending colon and transverse colon have become more frequent and account for a major proportion of colorectal cancer incidence. Among these proximal colon cancers, some without distal sentinel lesion cannot be the adequately screened with sigmoidoscopic surveillance. Therefore, it is important to establish whether the change in anatomical distribution is genuine and also true in Korea and other countries using sigmoidoscopy as a screening modality because this could have a major implication on current referral practices and the methods used for the screening of colorectal malignancy.
The frequency of colorectal cancer is known to vary among different populations and different generations. Subsite distribution also may differ according to race (15) . The incidence rates are highest in the developed countries of North America, intermediate in Europe, and low in Asia. Moreover, the geographic variation is more pronounced for colon cancer than for rectal cancer. In high risk areas such as North America, the ratio of colon to rectal cancer is as high as 2 : 1 or more; however, in low risk areas such as Asia, the ratio is low. These differences are most likely due to differences in environmental factors, including dietary patterns. Genetic factors are also likely to affect neoplastic transformation. Female gender shows a steeper rise in the incidence of colon cancer for each unit increase in the inci-dence of rectal cancer. These differences suggest that colon and rectal cancer have related, but not identical, etiology and pathogenesis. And different susceptibility to neoplastic transformation may exist in the proximal and distal colon (16) .
In earlier studies in Korea, the incidence proportion of proximal colon cancer was reported as 30% in 1987 (17) and as 21% in 1994 (18) (Table 7) . Those are not significantly different from our data showing that 25.1% of all colorectal cancers were proximally located. Therefore, our study findings says that the location of colorectal cancer, in Korean patients, has been stable over the past two decades and the proportion of proximal colon cancer in Korea is significantly lower than in Western countries. The difference may result from the different dietary characteristics between Western countries and Korea.
According to the characteristics of proximal and distal colon cancer, our study revealed no statistical difference for the mean age at diagnosis in comparisons between both groups; however, analysis with age-interval groups suggested that proximal colon cancers were diagnosed in an older age group (!70 years) compared with distal colorectal cancers. However, the general incidence rate increases with age regardless of tumor location. As for gender, female gender has been reported to be related to a higher incidence of proximal colon cancer (11, 18, 19) and our study also demonstrates significantly higher proportion of females in the proximal colon cancer group; the odd ratio for female gender having proximal colon cancer was calculated as 1.5 with 95% confidential interval of 1.07-1.97.
According to the synchronous adenoma of colorectal cancer, about 30% of proximal advanced adenomatous polyps have been reported to accompany synchronous distal adenoma by Kim et al (7) and Choe et al (8) in Korea. The possibility of the presence of a synchronous distal adenoma correlates with male gender and an older age, over 60. In this study, proximal colon cancer accompanies synchronous distal adenoma in 20.5% of cases; this result is consistent with Western reports in which proximal colon cancer was reported to have any distal synchronous adenomatous lesion in 21.5% (20) . In other words, the remaining 80% of proximal colon cancer patients could not be properly screened by distal colorectal examination. The possibility of presence of distal synchronous adenomatous polyp in proximal colon cancer was higher in male gender, but it did not correlate with aging. As for male gender, the higher incidence rate of colorectal cancer, as well as synchronous adenomatous lesion, is thought to be due to a higher rate of exposure to known colorectal cancer risk factors, such as smoking (21) , high flat and low fiber diet (22) , and obesity (23) , this also supports the adenoma-carcinoma sequence theory (24) .
The anatomical distribution of colorectal cancer has significant clinical implications for investigating patients with suspected colorectal malignancy and the trend of subsite in-cidence according to time and geographic variation may play a role as an important clue or key about the causes and pathogenesis of colorectal cancer. In Korea, a developed country in Asia, the proximal colon is responsible for a 25.1% to 30% of all colorectal cancer and in these proximal colon cancers, only 20.5% have distal synchronous adenomatous lesions. During the past two decades, there has been a steep rise in colorectal cancer incidence but a proximal shift in cancer subsite distribution was not observed.
